Purpose: To analyze the effects of a dexamethasone intravitreal implant (DEX; Ozurdex 700 mg; Allergan) administered immediately after cataract surgery in diabetic patients.
D
iabetes mellitus is estimated to affect 387 million people worldwide and its prevalence is increasing as a pandemic chronic disease that may affect as many as 700 million people by the year 2035. 1 Macular edema (ME) is a serious complication for the diabetic population, 2 which if left untreated can lead to irreversible severe vision loss. 3, 4 Cataracts are another major cause of vision loss in patients with diabetes mellitus, and patients with diabetes mellitus are also more likely than nondiabetic patients to develop cataracts because of the inherent metabolic condition of the disease. 5, 6 Therefore, a large percentage of diabetic patients undergo cataract surgery every year, and 22% of them develop ME. 7 Patients with preexisting diabetic retinopathy (DR) seem to be at even greater risk of DR progression and diabetic ME after cataract surgery. Therefore, the development of better approaches to address and treat ME, or even to prevent ME, is crucial. 7 Numerous therapies are used to treat pseudophakic ME. Triamcinolone acetonide (TA) injections are used off-label to treat ME, [8] [9] [10] but as TA is white and opaque, it can potentially impair vision by migrating into the macula. Furthermore, intravitreal TA is often associated with an increase in intraocular pressure (IOP) by as much as 40% from preintravitreal TA levels, 11 which limits its use and makes TA an unacceptable treatment option for patients with concomitant glaucoma. Less frequently used, anti-vascular endothelial growth factor agents like ranibizumab, 12, 13 bevacizumab, 14, 15 and pegaptanib 16 are also off-label agents to treat pseudophakic ME. These drugs are effective in preventing or decreasing the usual postoperative increase in central retinal thickness (CRT) in diabetic patients, but they are expensive, have potential adverse vascular effects, 17, 18 and may also impair wound healing. 19 Based on the results of the MEAD study, 20 the US Food and Drug Administration recently approved the use of a sustained-release biodegradable 700 mg dexamethasone intravitreal implant (DEX; Ozurdex; Allergan Inc, Irvine, CA) for treating diabetic macular edema (DME), especially for pseudophakic eyes or patients undergoing cataract surgery. This drug delivery system is well tolerated, 21 and results in improvements in visual acuity, macular thickness, and fluorescein leakage in patients with persistent ME.
The purpose of the present study was to assess the feasibility and clinical effectiveness of DEX administered immediately after cataract surgery in diabetic patients to prevent the occurrence of ME.
Methods
This prospective, single-arm, open label study (registered with the identifier NCT01748487 at ClinicalTrials.gov) involved Type 2 diabetic patients with at least mild DR who underwent cataract surgery and DEX administered immediately after phacoemulsification and intraocular lens (IOL) implantation. The design of the study followed the tenets of the Declaration of Helsinki and the protocol was approved by Health Canada and the Institutional Research Ethics Board at the University Health Network, Toronto, Canada. Diabetic patients referred for cataract surgery who met the inclusion criteria and provided written informed consent to the Ophthalmology Department of the Toronto Western Hospital between June 2013 and June 2015 were consecutively and prospectively enrolled into the study. Twenty-four adult Type 2 diabetic patients with lens opacity (nuclear color and opalescence, cortical or posterior subcapsular lens opacity .3) according to the Lens Opacities Classification System III system 22 ; and DR of at least Level 20 (microaneurysms only) as defined by the Early Treatment Diabetic Retinopathy Study were recruited for the study. 23 Patients had to be healthy enough to undergo cataract surgery as determined by their physicians.
Exclusion criteria included a history of ocular surgery, inflammation, active or suspected ocular or periocular infections, advanced glaucoma (baseline IOP higher than 21 mmHg or use of more than one type of glaucoma medication), history of steroid-induced IOP increase, panretinal photocoagulation within 3 months of study entry, and retinal or choroidal disease other than DR that could affect CRT. Patients with cataract precluding proper optical coherence tomography (OCT) measurement and those with significant DME measured by OCT preoperatively (CRT . 300 mm) were excluded. Eyes that developed intraoperative complications leading to aphakia, AC IOL or a posterior capsular rupture were excluded. Diabetic patients without any DR and those with active iris or retinal neovascularization before cataract surgery were also excluded. If a patient required bilateral cataract extraction, only one eye was included in the study.
Intervention
All patients underwent cataract extraction by a single surgeon (MHB) under topical anesthesia through a 2.7-mm temporal clear corneal incision, continuous curvilinear capsulorhexis, and standard phacoemulsification. The IOL was implanted in the capsular bag. Before removing the eye speculum, DEX was administered at the end of the procedure. An applicator system was used to insert the DEX implant into the vitreous through a pars plana puncture as described previously. 24 All patients had the same medication regimen: application of fourth-generation fluoroquinolone (gatifloxacin) drops was prescribed four times a day as part of the patient's postoperative medication for 1 week after surgery. A topical nonsteroidal antiinflammatory drug (NSAID, nepafenac, Nevanac, Alcon Research Ltd, Fort Worth, TX) was used three times a day for 3 weeks after surgery and a topical steroid (dexamethasone 0.1% suspension) was used four times a day after surgery and slowly tapered over 4 weeks.
Patients were seen 1 week preoperatively (baseline visit), and on the same day after surgery (Visit 1), at 1 week (Visit 2), 1 month (Visit 3), and 3 months (Visit 4) after surgery. Patient characteristics, such as age, sex, duration of the diabetes, hemoglobin A1c, medication use (i.e., acetylcholinesterase inhibitor or beta-blockers), and type of diabetes, were recorded at the baseline visit. All patients underwent a complete ophthalmologic examination. Efficacy evaluations included best-corrected visual acuity (BCVA) using logarithmic size progression (logMAR charts), Cirrus HD-OCT (software version 5.0 or higher; Carl Zeiss Meditec Inc, Dublin, CA), slit-lamp biomicroscopy, IOP measured by the Goldman applanation tonometer, and dilated fundus exam. Diabetic retinopathy was classified in accordance with the Early Treatment Diabetic Retinopathy Study guidelines. 23 The primary outcome measure was the mean change in CRT from baseline to 3 months as measured by OCT. Secondary outcome measures included mean change in BCVA from baseline to the end of the study, macular volume, development of ME, and incidence of any additional treatment (e.g., focal laser, antivascular endothelial growth factor injections) at each study visit. Any ocular or systemic adverse events were recorded and treated accordingly.
Central retinal thickness and macular volume were measured using the Cirrus HD-OCT. The protocol used was the 512 · 128 scan pattern where a 6 mm · 6 mm area on the retina was scanned with 128 horizontal lines, each comprising 512 A-scans per line (total of 65,536 sampled points) within a scan time of 2.4 seconds. Each study eye was previously pharmacologically dilated with 2.5% phenylephrine hydrochloride. A senior technician obtained all scans. Only goodquality examinations with a signal strength of 6/10 or better were retained. Optical coherence tomography data were processed using the software mentioned above. Intrinsic retinal segmentation algorithms were used to define an internal and an external retinal layer position from which retinal thickness and volume measurements were derived. In the computational software, retinal thicknesses are averaged within nine retinal subfields in a 6-mm diameter circle centered on the fovea, known as Early Treatment Diabetic Retinopathy Study Grid. The central circle has a radius of 500 mm (1 mm diameter). Overall macular volume (cube volume, cubic millimeter) and the cube mean thickness (micrometer) over the entire grid area were also obtained from the computational software.
Statistics
Data were analyzed using IBM SPSS Statistics (version 19 or higher) and MedCalc software, with the level of statistical significance set at P , 0.05. The minimum sample size was 24 eyes, considering a difference of 50 ± 10 mm for the CRT as significant, with a Type 1 error rate of 0.01, and a power (Type 2 error) of 90% (analysis performed with MedCalc software version 11.4.1.0; MedCalc software, Mariakerke, Belgium). Descriptive statistics were used to describe characteristics of the sample (e.g., sex, age, cataract severity, and diabetes duration) using measures of central tendency and dispersion (e.g., mean values, medians, ranges, standard deviation, and 95% confidence intervals (CIs), or proportions where appropriate). The mean values for BCVA, IOP, CRT, and macular volume at baseline and at each follow-up visit were compared using the one-sample t-test.
Results

Study Population
Twenty-four eyes of 24 patients (17 [70.8%] men, mean age 63.7 ± 8.7 years) were selected. The clinical characteristics of the diabetic patients are summarized in Table 1 . The right eye was the study eye in 62.5% of the cases. High blood pressure was detected in 79.2% of the patients. Regarding the level of DR, 41.7% of the patients had mild nonproliferative DR (NPDR); 33.3% had moderate NPDR, 16.7% had severe NPDR, and 8.3% had treated proliferative DR. None of the patients had been treated previously for DME. Main clinical outcomes of DEX in diabetic patients after cataract surgery at different time points are summarized in Table 2 .
Anatomic Changes
To evaluate postoperative changes in CRT, we measured it before and at 1 week, 1 month, and 3 months after cataract surgery. After DEX treatment, the mean CRT changed from 241.1 mm (95% CI, 227.5-254.6 mm) at baseline to 236.9 mm (95% CI, 223.9-249.9 mm) at 1 week (P = 0.09), 238.9 mm (95% CI, 225.5-252.3 mm) at 1 month (P = 0.44), and 248 mm (95% CI, 232.4-260.8 mm) at 3 months (P = 0.15). Mean macular volume (cubic millimeter) was 9.72 at baseline and did not change significantly at 1 week (9.70, P = 0.66), 1 month (9.72, P = 0.77), or 3 months (9.81, P = 0.53).
The relationship of CRT before surgery to that at 1 week, 1 month, and 3 months after DXI was examined to gain an outlook into the thickness changes. No eyes showed a postoperative increase .50 mm in the CRT at any visit ( Figure 1, A-C) . A 10% increase in CRT was found in 8.3% of eyes. None of the eyes developed central-involved ME on OCT imaging or clinically significant ME.
Changes in Best-Corrected Visual Acuity
Mean BCVA significantly improved from 0.37 (20/ 50) at baseline to 0.19 (20/30) at 1 week, 0.12 (20/25) at 1 month, and 0.12 (20/25) at 3 months (P , 0.001 for all comparisons). None of the patients had a reduction in their vision, and 50% of them achieved greater than 0.2 logMAR units (10 letters) or more improvement in BCVA, with 31% of them achieving .0.3 logMAR units (15 letters) of improvement. Figure 2 shows the changes in BCVA between before and at month 3 after surgery.
Safety
Regarding additional treatment during the study, 87.5% of the cases (22/24) required no additional treatment. Two patients required additional topical steroid treatment (prednisone acetate drops) because of anterior segment inflammation.
Assessment by clinical examination revealed no change in the DR severity from baseline in 22 eyes (91.6%). One patient improved one step from severe NPDR to moderate NPDR, and another patient worsened one step from mild NPDR to moderate NPDR.
Mean IOP before surgery was 13.8 mmHg. There was no significant increase of IOP at 1 week (14.5 mmHg; P = 0.33), 1 month (14.4 mmHg; P = 0.36), or 3 months (13.3 mmHg; P = 0.23). None of the patients developed an IOP greater than 22 mmHg, and none of them required any IOP-lowering medications at any time during the study.
All patients had uncomplicated cataract surgery and DEX injection. No patients suffered severe ocular (e.g., endophthalmitis, retinal detachment) or systemic adverse effects during the follow-up period.
Discussion
To the best of our knowledge, this study is the first showing that a single DEX injection intraoperatively after cataract phacoemulsification could prevent an increase in macular thickness after cataract surgery in diabetic patients with at least mild DR and without ME at the time of the surgery. In this study, the anatomic stability based on clinical exam, CRT and macular volume measurements, and the clinically meaningful improvement in BCVA were sustained for 3 months after treatment.
Agarwal et al 25 injected DEX in eight diabetic patients before phacoemulsification and observed a significant gain in visual acuity (P , 0.001) at 6, 12, and 24 weeks in this group compared with the control group. They also reported a significant increase (P , 0.03) in CRT at every visit in the control group compared with the DEX group. They found no difference in the IOP values between the two groups. In contrast to our study, they performed the study DEX injection at the beginning of the cataract surgery. Special caution is advised in aphakic patients, patients with AC IOL, posterior capsular rupture, or previous pars plana vitrectomy because of the risk of migration of the DEX into the AC, which may result in corneal edema and corneal endothelial damage. 26 In this study, DEX was injected at the end of the procedure, after the cataract was safely removed and the IOL correctly placed in the capsular bag. Sze et al 27 published a retrospective case series, including 12 DME patients and 12 patients with ME secondary to retinal vein occlusion. All of them presented significant vision loss and ME before surgery (mean VA was 20/200, and CRT was 530.2 ± 218.9 mm) and underwent phacoemulsification and DEX at the same time. They found a significant improvement in vision to 20/66 (P = 0.003) and significant decrease in CRT to 300.7 ± 78.1 mm (P , 0.001). There was no significant change in IOP (P . 0.05).
The distinction between DME and Irvine-Gass syndrome (pseudophakic ME) in these cases is challenging, as the preexisting disease (DME) is a known risk factor for ME after surgery. Khurana et al 28 reported the prospective results of DEX in 7 diabetic patients who developed pseudophakic ME within 4 weeks to 10 weeks after uncomplicated cataract surgery despite ongoing prophylactic treatment with NSAID and steroid eye drops. Clinically significant improvements in vision accompanied by reductions in CRT and macular volume were sustained up to 6 months posttreatment. They did not find a significant change in mean IOP at any time during the study.
Notably, with the projected increasing prevalence of diabetes mellitus, 1 the number of diabetic patients with cataracts is also expected to increase over the next several years. The incidence of clinical ME after small-incision phacoemulsification ranges between 0.1% and 2.35%, but in diabetic patients with a history of DME treatment may be as high as 20%. [29] [30] [31] The natural course of ME in diabetic patients after cataract surgery remains controversial. The large disparity in the incidence of this worsening can be explained, at least in part, to the different methodology used to study postoperative increase of ME (depending on whether the diagnosis was confirmed by OCT, fluorescein angiography, or clinical examination alone). The pathophysiology of pseudophakic CME remains unclear. The principal cause seems to be inflammatory mediators that break down the blood retinal barrier, leading to increased vascular permeability, pericytes, and endothelial cell loss. 32 The inflammatory signal process after cataract surgery is believed to be short-lived, as ME may develop in as little as 1 month after surgery. Even in routine cataract surgery, ME can develop secondary to the inflammatory cascade, despite the use of postoperative steroid eye drops. 33 We believe that injecting DEX directly into the eye where it is needed at the beginning of this inflammatory signal cascade could blunt or prevent the occurrence of ME among diabetics, as demonstrated by this study.
Intravitreal injections effectively deliver an adequate drug concentration for treating posterior eye disease. The short half-life (,4 hours) of dexamethasone after a single intravitreal injection into the vitreous humor, however, was an important limitation 34 until the advent of an intravitreal biodegradable drug delivery system (Novadur; Allergan Inc), which allows for the controlled release of dexamethasone after it has been injected into the eye through a 23-gauge pars plana puncture. DEX is a free-floating biodegradable copolymer, polylactic-co-glycolic acid containing micronized dexamethasone. The copolymer gradually undergoes hydrolysis to carbon dioxide and water, whereas dexamethasone is slowly distributed into vitreous cavity. 21 In monkey eyes, the peak concentration of DEX was achieved during the first 2 months, followed by a low release rate up to 6 months. 35, 36 The most frequent ocular side effect is steroidinduced glaucoma. Generally, the increase in IOP is transitory, and the IOP returns to pretreatment levels within 1 week to 3 weeks after stopping dexamethasone. 37, 38 Thus far, none of the 24 patients have experienced a significant increase in IOP after DEX. However, about 30% of patients using DEX will suffer a significant increase in IOP, requiring medical treatment. The use of DEX in patients with advanced glaucoma or those using maximum topical medication must be carefully evaluated because of their higher risk of uncontrolled IOP rise. The time to peak IOP is approximately 60 days after implantation, returning to baseline within 6 months. Most patients are successfully controlled with topical IOP-lowering medication. Less than 1% to 2% of the eyes receiving DEX require a surgical procedure to reduce IOP. 20, 21 The response to DEX usually lasts between 3 months and 6 months, so more time may be needed to determine whether changes in the IOP will occur if repeated injections are required.
The strengths of this study include the prospective design, the use of spectral-domain optical coherence tomography, and the standardized Early Treatment Diabetic Retinopathy Study protocol. The main limitations were the relatively small sample size and the lack of a control arm.
In conclusion, excellent anatomic outcomes were obtained using a single DEX after cataract surgery in Type 2 diabetic patients. Taken together, the results of previous studies 25, 27, 28 and this study suggest that DEX may be a promising therapy for postsurgical ME in diabetic patients. However, the indiscriminate use of prophylactic DEX in all diabetic patients could result in some patients receiving an unnecessary treatment and may not be warranted. Despite disparities amongst studies in terms of protocol design, baseline characteristics and endpoints, a limited comparison for ME development after cataract surgery is possible by analyzing the number needed to treat based on the available data. The patient must be aware of all the risks and benefits using DEX before the final decision is taken. Further studies are needed to identify the diabetic patients at higher risk of developing ME and confirm the long-term outcomes and safety of DEX after uncomplicated cataract surgery.
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